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Database of Previous Research Supporting  
Microreactor Designs 

Introduction 

This report provides a list of previous research supporting microreactor designs. For the purposes of this 

report, a “microreactor” will be defined as a reactor designed to produce less than 20 MW thermal while 

ensuring that the system is factory manufacturable, transportable (via truck, rail, or aircraft), and 

maintains neutronic simplicity (e.g., external controls) that can enable safe operation under semi-

autonomous or autonomous operation. The 20 MW thermal limit is based on the U.S. Department of 

Energy limit for a Hazard Category 2 (per 10 CFR 830 and DOE-STD-1027). Above the Hazard 

Category 2 limit, licensing activities would be required to be more detailed and robust. This does not 

eliminate higher-than-Hazard Category 2 reactors from consideration, but an increase in requirements 
typically means increased cost and time for development. Similarly, neutron simplicity is vital for 

minimizing the number of on-site operators; in turn, this enhances cost-competetiveness. Complicated 

designs do not eliminate reactors from inclusion in this report.  

A transportable reactor will be further defined using the Army Reactor Program definition. A “mobile” 

reactor is one that is moved as a single unit (reactor at a minimum, but can include power-conversion and 

heat-rejection systems together). A “portable” reactor is one that is moved in several pieces and 

assembled on site. The reactor may include separate items to assemble on-site, such as a pressure vessel, 

fuel, etc. Power-conversion and heat-rejection systems would also be transported separately. 

Using these definitions, the potential types of microreactor designs are presented. A rational for the types 

of documents included in this report is provided. This report is envisioned to be a living document in that 

it will be updated as new information becomes available. 

Types of Microreactor Designs 

Reactors are grouped by heat-removal attributes of the reactor. Heat removal (sometimes along with fuel 

type) is a convenient way to group reactors of similar technology. 

Types of portable reactor technologies include: 

• High-temperature gas-cooled reactors with TRISO fuels 

• Sodium-cooled fast reactors 

• Lead fast reactors 

• Molten salt reactors. 

Types of mobile reactor technologies include: 

• Heat-pipe-cooled reactors 

• High-temperature gas-cooled reactors with TRISO fuels (possibly moderated to reduce size). 
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Documents Included 

Many portable reactors are being developed by miniaturizing larger Generation IV advanced-reactor 

concepts that were designed to produce hundreds of megawatts. Some noteworthy examples are: 

• U-Battery Micro Modular Reactor (URENCO, UK),  StarCore Nuclear (Starcorenuclear, CA), and 

Ultra Safe Nuclear Micro Modular Reactor (USNC, US) that use microencapsulated fuels cooled by 

high-temperature helium 

• 4S Reactor (Toshiba, JP), and LeadCold (Swedish Advanced Lead Reactor, SW) 

They will not be included in this report simply because the research is vast, and other parts of the 

Advanced Reactor Technology (ART) program are addressing underlying R&D needs.  

The two concepts in the mobile category do not have an organized categorization of the literature 

describing the fundamental research supporting the designs or information on the designs. Providing a 

start on that categorization is the goal of this document. 

The research areas presented include: 

• Heat-pipe-cooled reactors. Two commercial US companies (Oklo, Inc., and Westinghouse Electric 

Corporation) are currently advancing heat-pipe-based micro-modular reactors for deployment. Their 

proprietary designs are controlled information and could not be presented in this document. As a 

result generic heat-pipe reactor design and development information is presented here as follows: 

- General heat-pipe research 

- General heat-piper reactor design 

- Hydride moderators. 

• Gas-cooled TRISO-fueled reactors. Two US vendors, Holos Gen and USNC, are developing what are 

advertised to be mobile gas-cooled reactors. Open literature on the Holos design is listed. Little, if any 

design information relevant to the USNC design is available in the public forum. 

- Hydride moderators. 

Finally, documents of general importance to military-reactor applications are included. 

General Alkali Metal Heat Pipe Literature 

Since their invention in 1964 by Grover et al, there are literally thousands of reports and articles on heat 

pipes—ranging from the commercial electronic industry to space exploration. The focus of this summary 

is theory, modeling, engineering of alkali metal (K, NaK, Na and Li) heatpipes.  

Avery, J. G., 1985, Heat Pipe Material Compatibility Concerns for a Remote Reactor, LA-UR-85-1535, 

Los Alamos Scientific Laboratory. 

Cotter, T. P., 1965, Theory of Heat Pipes,” U.S. Atomic Energy Commission Report, LA-3246-MC, Los 

Alamos Scientific Laboratory. 

Cotter, T. P., 1967, Heat Pipe Startup Dynamics, U.S. Atomic Energy Commission Report, LA-DC-9026, 

Los Alamos Scientific Laboratory. 

Eastman, G. Y., 1968, “The Heat Pipe,” Scientific American 218.5, pp. 38–47. 
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El-Genk, M. S. and J. M. Tounier, 1996, “A Vapor Flow Model for Analysis of Liquid-Metal Heat Pipe 

Startup from a Frozen State,” International Journal of Heat and Mass Transfer 39.18, pp. 3767–

3780. 

El-Genk, M. S. and J. M. Tounier, 2011, “Uses of Liquid Metal and Water Heatpipes in Space Reactor 

Power Systems,” Frontiers in Heat Pipes 2. 

El-Genk, M. S., 2009, “Deployment history and design considerations for Heatpipe Reactor Systems,” 

Acta Astronautica 64, pp. 833–849. 

El-Genk, M. S., and J-M. Tournier, 2004, “SAIRS — Scalable Amtec Integrated Reactor space power 

System,” Progress in Nuclear Energy 45.1. 

Grover, G. M., T. P. Cotter, and G. F. Erickson, 1964, “Structures of Very High Thermal Conductance,” 

Journal of Applied Physics 35.6, pp. 1990–1991. 

Hall, Michael L., Numerical Modeling of the Transient Thermohydraulic Behavior of High Temperature 

Heat Pipes for SpaceReactor Applications, PhD thesis, North Carolina State University, Department 

of Nuclear Engineering, Raleigh, NC, March1988. 

Hall, Michael L., “Wick Surface Modeling in Heat Pipes,” in Transactions of the 1991 American Nuclear 

Society Winter Meeting, San Francisco, CA, November 10-15 1991, pp. 735-737, LA-UR-91-1208. 

Hall, Michael L. and J. Michael Doster, March 1990, “A Sensitivity Study of the Effects of Evaporation 

Condensation Accommodation Coefficients on Transient Heat Pipe Modeling, International Journal 

of Heat and Mass Transfer 33.3, pp. 465-481. 

Hall, Michael L., Michael A. Merrigan and Robert S. Reid, “Status Report on the throuhput Transient 

Heat Pipe Modeling Code,” in Proceedings of the Eleventh Symposium on Space Nuclear Power and 

Propulsion, Albuquerque, NM, January 9-13 1994, pp. 965-970, LA-UR-93-3837; CONF-940101-17. 

Ivanovskii, M. N., Sorokin V. P., and Yagodkin I.V., 1982, The Physical Principles of Heat Pipes, 

Section 2.2, Oxford University Press, New York, NY, pp. 34–56. 

Lundberg, L. B., 1981, A Critical Evaluation of Molybdenum and Its Alloys for Use in Space Reactor 

Core Heat Pipes, LA-8685-MS, Los Alamos Scientific Laboratory. 

Merrigan, M. A., and R. C. Feber, 1985, The Thermochemical Correlation of Material Transport in an 

Alkali Metal Heat Pipe, LA-UR-85-2648, Los Alamos Scientific Laboratory. 

Merrigan, M. A., et al., 1983, Development and Test of a Space Reactor Core Heat Pipe, LA-UR-83-

1168, Los Alamos Scientific Laboratory. 

Merrigan, Michael A., Edward S. Keddy and J. T. Sena, “Transient Performance Investigation of a Space 

Power System Heat Pipe,” in Proceedings of the AIAA/ASME Fourth Joint Thermophysics and Heat 

Transfer Conference, AIAA-86-1273, Boston, MA, June 24 1986, LA-UR-86-1567. 

Reid, R. S., 2005, Heat Pipe Technology Assessment, LA-CP-05-0044, Los Alamos National Laboratory. 

Sabharwall, P., 2009, Engineering Design Elements of a Two-Phase Thermosyphon to Transfer NGNP 
Thermal Energy to a Hydrogen Plant, INL/EXT-09-15383, Idaho National Laboratory, Idaho, July, 

2009. 

Sabharwall, P., V. Utgikar, and F. Gunnerson, 2009, “Dimensionless Numbers in Boiling Fluid Flow for 

Thermosyphon and Heat Pipe Heat Exchangers,” Journal of Nuclear Technology 167.  

Sabharwall, P., and F. Gunnerson, 2009, “Engineering Design Elements of a Two-Phase Thermosyphon 
for the Purpose of Transferring NGNP Thermal Energy to a Hydrogen Plant,” Journal of Nuclear 

Engineering and Design 239. 
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Tournier J.-M., and M. S. El-Genk, 2003, “Startup of a Horizontal Lithium/Molybdenum Heat Pipe from 

a Frozen State,” International Journal of Heat and Mass Transfer 46, pp. 671–685. 

Heat Pipe Reactor Design and Analysis Literature 

Anderson, J. L. and E. Lantz, 1968, “A Nuclear Thermionic Space Power Concept Using Rod Control 

and Heat Pipes,” Nuclear Applications 5.6, pp. 424–436. 

Gou, P-F., L. E. Fennern, and C. D. Sawyer, 1996, “Nuclear reactor heat pipe for Boiling Water 

Reactors,” Patent US5684848A, General Electric Co. 

Greenspan, E., 2008, Solid-Core Heat-Pipe Nuclear Battery Type Reactor, University of California 

Berkeley, Award Number: DE-FC07-05ID14706.  

Houts, M. G., D. I. Poston, W. A. Ranken, 1995, Heat Pipe Space Power and Propulsion Systems, LA-

UR-95-3965. 

Koenig, D. R. and W. A. Ranken, 1977, Heat Pipe Nuclear Reactors for Space Applications, LA-UR-77-

1512. 

Koenig, D. R., 1976, Heat Pipe Nuclear Reactor for Space Power, LA-UR-76-998. 

Kozier, K. S., and H. E. Rosinger, The Nuclear Battery: A Solid State, Passively Cooled Reactor for the 
Generation of Electricity and/or High Grade Steam Heat, Atomic Energy of Canada, AECL-9570, 

1988. 

McClure, P. R., D. I. Poston, D. D. Dixon, M. A. Gibson, and L. S. Mason, 2014, “Experimental 

Demonstration of a Heat Pipe/Stirling Engine Nuclear Reactor,” Journal of Nuclear Technology, 

American Nuclear Society 188.3. 

McClure, P. R, R. S. Reid, and D. D. Dixon, 2012, “Advantages and Applications of Megawatt-Sized 

Heat-Pipe Reactors,” Proceedings of ICAPP ‘12 Chicago, USA, June 24–28, 2012, Paper 1216. 

McClure, P. R., D. I. Poston, V. R. Dasari, and R. S. Reid, 2015, Design of Megawatt Power Level Heat 

Pipe Reactors, LA-UR-15-28840. 

Meier, K. L., W. L. Kirchner, and W. T. Hancox, 1986, North Warning System Reactor Conceptual 

Design Report, LA-10752-MS. 

Merrigan, M. A., et al., 1983, Performance Demonstration of a High power Space Reactor, LA-UR-83-

1330. 

Mochizuki, M. et al., 2011, “Nuclear Reactor Must Need Heat Pipe for Cooling,” 10th International 

Heatpipe Symposium, Taipei, Taiwan. 

Palmer, R. G., and J. W. Durkee, 1986, Neutronic Design Studies for an Unattended, Low Power Reactor, 

LA-UR-86-1879. 

Poston, David I., December 2000 “Nuclear Design of the SAFE-400 Space Fission Reactor,” Nuclear 

News. 

Ranken, W. A. and D. R. Koenig, 1983, Neutronic and Thermal Design Considerations for Heat-Pipe 

Reactors, LA-UR-83-1331. 

Ranken, W. A. and M. G. Houts, 1994, Heat Pipe Cooled Reactors for Multi-Kilowatt Space Power 

Supplies, LA-UR-94-4199. 

Ranken, W. A. and L. B. Lundberg, High Temperature Heat Pipes For Terrestrial Applications, LA-UR-

77-2959. 
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Ranken, W. A. and J. A. Turner, 1991, Design Studies Of The Moderated Heat Pipe Thermionic Reactor 

(MOHTR) Concept, LA-UR-91-1592. 

Sun, H. et al., 2018, “Reactor Core Design and Analysis for a Micronuclear Power Source,” Department 

of Nuclear Science and Technology, Xi’an Jiaotong University, Xi’an, China, Frontiers in Energy 

Research 6.14, pp. 1–6. 

Sterbentz, James William, James Elmer Werner, Michael George McKellar, Andrew John Hummel, John 

Charles Kennedy, Richard Neil Wright, and John Michael Biersdorf,. Special Purpose Nuclear 

Reactor (5 MW) for Reliable Power at Remote Sites Assessment Report, INL/EXT-16-40741 

Yuan, Y. et al., 2016, “Accident analysis of heat pipe cooled and AMTEC conversion space reactor 

system,” Annals of Nuclear Energy 94, pp. 706–715. 

Gas Cooled Micro Modular Reactor 

Filippone, C., 2018, “Holos Generators: Distributable, Integral very-Small Modular Reactors (v-SMRs) 

Competitive and Synergetic with Renewable Energy Sources,” http://www.holosgen.com/technology, 

International Advanced and SMR Reactor Summit.  

Jordan, K. A., The Holos Reactor: A Distributable Power Generator with Transportable Subcritical 

Power Modules, the Department of Material Sciences & Engineering at the University of Florida. 

Allen, Kenneth S., Samuel K Hartford, Gregory J Merkel, “Feasibility Study of a Micro Modular Reactor 

for Military Ground Applications,” Journal of Defense Management 2018, DOI: 10.4172/2167-

0374.1000172, Department of Physics and Nuclear Engineering, United States Military Academy, 

New York, USA 

Moderator Literature 

Anderson, J. L., 1968, Reactivity Control of Fast-Spectrum Reactors by Reversible Hydriding of Yttrium 

Zones, NASA Technical Memorandum, NASA TN D-4614. 

Bartscher, W. and J. Rebizant, 1988, “Equilibria and Thermodynamic Properties of ThZr2 Hydride 

System,” Journal of the Less-Common Metals 136, pp. 385–394. 

Gunther, N. et al., 1994, “Optimization Studies for Space-R Composite Moderator,” in AIP Conference 

Proceedings 301.1, pp 103–110. 

Houten, V. R., 1974, “Selected Engineering and Fabrication Aspects of Nuclear Metal Hydrides (Li, Ti, 

Zr, and Y),” Nuclear Engineering and Design 31, pp. 434–448. 

Ito, M. et al., 2005, “Thermal properties of yttrium hydride,” Journal of Nuclear Materials 344, pp. 295–

297. 

Lundin, C. E. and J. P. Blackledge, 1962, “Pressure-Temperature-Composition Relationships of the 

Yttrium-Hydrogen System,” Journal of Electrochemical Society. 

Mayo, W., 1968, Neutronic Effects of Moderator Insertion in Fast-Spectron Reactors, NASA Technical 

Memorandum, NASA TM X-1614. 

Merk, B., 2013, “Fine Distributed Moderating Material with Improved Thermal Stability Applied to 

Enhance the Feedback Effects in SFR Cores,” Science and Technology of Nuclear Installations. 

Muller, W .M., J. P. Blackledge, and G. G. Libowitz, 1968, Metal Hydrides, Academic Press, January, 

ISBN: 9781483272931. 

http://www.holosgen.com/technology
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Olander, D., E. Greenspan, H. D. Garkisch, and B. Petrovic, 2009, “Uranium-zirconium hydride fuel 

properties,” Nuclear Engineering and Design 239.8, pp. 1406–1424. 

Peng, J., et al., 2017, “Hydrogen desorption behavior of the hydrides of Zr-Y alloys under Ar and CO2 

atmosphere,” Journal of Alloys and Compounds 693, pp 103–109. 

Setoyama, D., M. Ito, J. Matsunaga, and H. Muta, 2005, “Mechanical properties of yttrium hydride,” 

Journal of Alloys and Compounds 394, pp. 207–210. 

Steward, S. A., 1983, Review of Hydrogen Isotope Permeability Through Materials, Lawrence Livermore 

National Laboratory, UCRL-53441. 

Vetrano, J. B., 1970, “Hydrides as Neutron Moderator and Reflector Materials,” Nuclear Engineering and 

Design 14, pp. 390–412. 

Terrani, K. A., J. E. Seifried, and D. R. Olander, 2009, “Transient hydride fuel behavior in LWRs,” 

Journal of Nuclear Materials 392, pp. 192–199. 

Tsujimoto, K., T. Iwasaki, N. Hirakawa, T. Osugi, S. Okajima, and M. Andoh, 2001, “Improvement of 

reactivity coefficients of metallic fuel LMFBR by adding moderating material,” Annals of Nuclear 

Energy 28.9, pp. 831–855. 

Wootan, D. W., J. A. Caggiano, L. L. Carter, D. P. Jordheim, and A. H. Lu, 1990, “Isotope production 

test in the fast flux test facility,” in Proceedings LMR: A Decade of LMR Progress and Promise, 

Washington, DC, USA, American Nuclear Society, La Grange Park, IL, USA. 

Wootan, D. W., J. A. Rawlins, L. L. Carter, H. R. Brager, and R. E. Schenter, 1989, “Analysis and results 

of a hydrogen-moderated isotope production assembly in the fast flux test facility,” Nuclear Science 

and Engineering 103.2, pp. 150–156. 

Military Literature 

Andres, Richard B.,  and Hanna L. Breetz, “Small Nuclear Reactors for Military Installations: 

Capabilities, Costs, and Technological Implications” 

http://oai.dtic.mil/oai/oai?verb=getRecord&metadataPrefix=html&identifier=ADA545712 

Barattino, William J.  et al., “The Business Case for SMRs on DOD Installations,” SMR2011-6552, 

January 1, 2011, pp. 433–44, doi:10.1115/SMR2011-6552.  

Defense Science Board, 2016, Task Force on Energy Systems for Forward/Remote Operating Bases, 

Department of Defense Final Report AD1022571, accessed at 

http://www.dtic.mil/dtic/tr/fulltext/u2/1022571.pdf. 

Griffith, George, “US Forward Operating Base Applications of Nuclear Power” (Idaho Falls, ID: Idaho 

National Laboratory (INL), 2015), 

http://www5vip.inl.gov/technicalpublications/Documents/6468101.pdf; Lawrence H. Suid, ed., The 

Army’s Nuclear Power Program: The Evolution of a Support Agency (Greenwood Publishing Group, 

1990) 

Kattchee, N., 1963, Army Gas-Cooled Reactor Systems Program, Final Test Report, Initial Full Power 

and Limited Endurance Tests of the, ML-1 Nuclear Power Plant, Aerojet – General Nucleonics, 

Report No. AGN TM-402. 

http://oai.dtic.mil/oai/oai?verb=getRecord&metadataPrefix=html&identifier=ADA561802 

King, Marcus, LaVar Huntzinger, and Thoi Nguyen, “Feasibility of Nuclear Power on US Military 

Installations,” Rev. 2, 

http://oai.dtic.mil/oai/oai?verb=getRecord&metadataPrefix=html&identifier=ADA550479 

http://oai.dtic.mil/oai/oai?verb=getRecord&metadataPrefix=html&identifier=ADA545712
http://www.dtic.mil/dtic/tr/fulltext/u2/1022571.pdf
http://oai.dtic.mil/oai/oai?verb=getRecord&metadataPrefix=html&identifier=ADA561802
http://oai.dtic.mil/oai/oai?verb=getRecord&metadataPrefix=html&identifier=ADA550479
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Middleton, Bobby, Thomas R. Boland, William E. Schlafli, and Bruce T. Landrey, MR1: Assessment of 
Small Modular Reactor Suitability for Use On or Near Air Force Space Command Installations, 

SAND2016-2600, Sandia National Laboratories, March 2016.  

Pfeffer, Robert A. and William A. Macon Jr, “Nuclear Power: An Option for the Army’s Future,” Army 

Logistician 33 (2001), pp. 4–8.  

Powell, J.R. and J.P. Farrell, “Compact, Deployable Ultra Lightweight Multi-Megawatt Nuclear Power 

Systems for Very Long Range Electromagnetic Launchers,” in 2008 14th Symposium on 

Electromagnetic Launch Technology, 2008, 1–5, doi:10.1109/ELT.2008.96;  

NRC, Force Multiplying Technologies for Logistics Support to Military Operations, National Academies 

Press, 2014.  

Robitaille, George E., 2012, Small Modular Reactors: The Army’s Secure Source of Energy? DTIC 

Document,,Woodard, Michael and Joan Sailor, 2009, Alternative Sources of Energy for U.S. Air 

Force Bases,” http://www.dtic.mil/dtic/tr/fulltext/u2/a593049.pdf . 

USAF Chief Scientist, “United States Air Force Energy S&T Vision 2011-2026 (AF/ST TR 11-01),” 

January 31, 2012.  

Willis P. Poore III et al., Evaluation of Suitability of Selected Set of Department of Defense Military 
Bases and Department of Energy Facilities for Siting a Small Modular Reactor (Oak Ridge National 

Laboratory ORNL/TM-2013/118, 2013, http://www.osti.gov/scitech/biblio/1073001. 
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